Purpose Infection following knee replacement is an important cause of failure despite rigorous prophylaxis antibiotic protocols. The two-stage reimplantation procedure is considered the gold standard for treatment of subacute and chronic deep periprosthetic infections. The purpose of this study was to determine whether or not a preformed articulated spacer would allow comparable eradication of infection equal to rates reported in published studies and to see whether there is a resulting improvement in postoperative function with an acceptable quality of life, reducing postoperative pain and limiting surgical complications, thus simplifying the second stage of the procedure. Methods We retrospectively reviewed 50 patients with infected TKA who underwent a two-stage exchange arthroplasty using an articulating preformed spacer. The device, designed like an ultracongruent condylar knee prosthesis, is composed of acrylic cement impregnated with antibiotic, with tested and standardised mechanical properties and antibiotic content and release mechanism. Results The median follow-up period was seven (two to 13) years. Two-stage exchange arthroplasty was successful in controlling the infection in 92 % of patients; 64% of patients where women, and median patient age was 68 (54-80) years. Median implantation time of the preformed spacer was 16 (four to 60) weeks; 4 % of infections were delayed, and 96 % were late. Forty-six percent were caused by coagulase-negative Staphylococcus (CoNS). Mean Knee Society Score (KSS) was 35.38 (clinical) and 37.96 (function) on presentation; it improved to a mean of 72.92 (clinical) and 76.04 (function) after the first stage and to a mean of 75.38 (clinical) and 80.58 (function) at the final review. Bone loss was unchanged between stages, and range of motion remained unchanged or improved after definitive reimplantation. Conclusion The use of preformed articulated knee spacer during a two stage technique for infected TKA improves patient QOL between stages and increases patient compliance and cooperation, reducing social costs.
Introduction
Total knee replacement (TKR) is one of the most common and successful procedures in orthopaedic surgery. Excellent longterm results are reported both in young adult and elderly patients [1] [2] [3] . However, infection remains an important cause of failure, notwithstanding rigorous antibiotic prophylactic protocols. The success of our prostheses depends upon the winner of "the race for the surface": This elegant pathogenetic metaphor for the situation occurring shortly after the insertion of implants was proposed by Gristina et al. [4] . The race is influenced by prosthetic surface characteristics, host factors, and number of bacteria and their generic characteristics. Orthopaedic biomaterials are foreign bodies, and their surfaces can provide a point of attachment for bacteria colonies, which use slime and biofilm as a means of protection and permits their survival. Biofilm inhibits immune activity by multiple mechanisms: it decreases or inhibits polymorphonuclear chemotaxis, complement activation, opsonisation, phagocytosis and antibody susceptibility. All these mechanisms facilitate infection chronicity [5] . The incidence of prosthetic joint infection is grossly underestimated by current literature [59] . The risk increases in revision surgery or in patients with certain risk factors, such as patients with rheumatoid arthritis under cortisone treatment, diabetes mellitus or compromised immune status [6] . Data regarding these complications differ depending whether they are collected by a selected series, large series or open registry and range from 1.5 % to 2.5 % in primary TKA up to 6 % in revision of selected series [36, 56] . In large series of early revisions, infection is a cause of failure in 15 %-40 % of cases [7, 8, 40] . Treating this devastating complication is controversial, and many therapeutic options are described in the literaturesimple parenteral antibiotic therapy, repeated joint irrigation, surgical toilette for saving the prosthetic implant, resection arthroplasty, one-or two-stage reimplantation (early or late) and arthrodesis or amputation [9] [10] [11] . The choice of the treatment depends upon many variables, such as infection type, responsible organism and patient general condition and life expectancy. Prosthetic infections are classified using chronological criteria [6] :
& Early: onset within 12 weeks from surgery & Delayed: onset within two years from surgery & Late: onset after a longer period from surgery and caused by hematogenous spread from a distant infection site
Acute infection with early onset can be treated with extensive and accurate surgical toilette together with substitution of the polyethylene component. This type of treatment is insufficient in delayed or late infections involving the bone-implant interface [12] . In such cases, the best results, both for disease eradication and appropriate functional recovery, have been obtained with either one-or two-stage reimplantation. One-stage surgery has been successful in small series and has the advantage of less surgical risk and discomfort, ability to maintain joint function and lower hospital costs [13] . Generally, however, the effectiveness doubtful when considering reports of larger series with longer follow-up times [14] [15] [16] . The best results in terms of disease eradication and functional recovery have been obtained with two-stage reimplantation. [17-23, 25, 26, 47, 50] . The first stage of the procedure involves removing the original prosthesis and inserting an antibiotic cement spacer. Different types of spacers have been advocated for treatment of chronically infected knee arthroplasties: block spacers, articulated spacers such as Prostalac®, prosthesis re-sterilised (Hoffmann technique) and the antibiotic-loaded acrylic cement (ALAC) spacer (handmade with or without using a mould; preformed). We present additional follow-up of a technique described earlier [23, 25, 34, 57] using in the first stage a preformed, articulating spacer that allows delivery of high local concentrations of antibiotics while giving patients a functional joint before a second-stage reimplantation. The purpose of the study was to determine whether or not a preformed articulated spacer would allow comparable eradication of infection equal to rates reported in published studies and to see whether there is a resulting improvement in postoperative function with an acceptable quality of life (QOL), reducing postoperative pain and limiting surgical complications, thus simplifying the second stage of the procedure.
Materials and methods
From March 2000, we routinely used the preformed, articulated spacer in a two-stage procedure. The device is an industrially preformed polymethylmethacrylate (PMMA) spacer available in two versions: impregnated with gentamicin (Spacer K®) or with gentamicin plus vancomycin (Vancogenx-Space Knee®) Tecres, Italy. The singleantibiotic version contains 2.8 % w/w of active gentamicin (equivalent to 1.1 g/40 g PMMA); the double antibiotic spacer contains 2.8 % w/w of active vancomycin. The total amount of antibiotic is in relation to the device size. The spacer is composed of two independent elements ready to use: the first is a flat base (tibial component) upon which the second (femoral component) articulates. The two components, designed as an ultracongruent condylar knee prosthesis, must be fixed to the bone with bone cement (Fig. 1) . The components are manufactured in different sizes, with tested and standardised mechanical properties and antibiotic content, and a release mechanism that functions during the period following implantation [23-25, 34, 57] . The device was mechanically tested following the International Standards Organization (ISO) and ASTM standards used for definitive prostheses (500,000 load cycles, corresponding to 6 months of walking) without failure during the test. [31] The in vitro release was tested according to the European Pharmacopoeia (agar-well diffusion test). [23, 24] With approval from the ethical committee board, 50 consecutive patients with mainly type A or B [26] affected by delayed and late infection were enrolled in our prospective study, which had no control group. All patients with infected TKA requiring two-stage exchange underwent preoperative aspiration [culture and white blood cell (WBC) count] and specimen histology (bone and synovial [26, 27] . Local anaesthetics were not used because of their bacteriostatic properties. After periprosthetic infection was diagnosed, patients underwent a two-stage procedure. During the first stage of treatment, the knee was approached through a midline incision incorporating the prior incision, and a standard medial parapatellar arthrotomy was performed. All components were removed, taking care to ensure minimal bone loss but with aggressive debridement of infected and devitalised tissues [60] .
All PMMA material was removed with hand and power tools, including high-speed burrs. The wound was irrigated with extensive pulsatile lavage using saline solution. The moulded dowels were attached if necessary with extra cement to the prepared femoral and tibial spacer components. The preformed articulating spacer was implanted securely with appropriate antibiotic-loaded cement based upon microbiological cultures. A working extensor mechanism and ligamentous apparatus, with bone loss type I or II [29] , was mandatory. During the procedure, synovial fluid samples were taken for microbiological analysis WBC count, and periprosthetic tissue samples were used for microbiological examination. When it was not possible to identify the infecting germ preoperatively, the hardware removed was subjected to scraping with a double-scalpel blade [one blade was sent to microbiology and and one for scanning electron microscopy (SEM) analysis] [28] . Individual prosthetic components were sent to microbiology for sonication in most cases but not in all. All patients received six weeks of tailored antibiotic therapy IV (minimum two types of antibiotic) suggested by the infectious disease consultant. Postoperative standard rehabilitation was the same as for the primary TKA: patients were encouraged to actively mobilise the knee immediately after surgery, with partial weight bearing permitted. The spacer was left in place until clinical healing of soft tissue and normal laboratory parameters. The second stage of the procedure was undertaken after a mean of 16 (median average four to 60) weeks. Range of motion (ROM) was recorded before arthroplasty removal, while the device was working, and at the last follow-up of the final implant. Western Ontario and McMaster Osteoarthritis Index (WOMAC) and Knee Society Scoere (KSS) outcomes were assessed on the basis of the patient response. We decided to introduce an original clinical evaluation between stages to help determine the potential advantages of our method to determine QOL: satisfaction score was evaluated using subjective patient evaluation regarding daily activities (scored on four different levels: excellent, good, fair, poor), postoperative pain, use of crutches ( two, one, none) and ability to walk (unlimited: up to 1 km; good: up to 800 m less than 1 km; fair: <400 m; poor: only at home). Bone loss was assessed radiographically and defined intra-operatively according to the Anderson Orthopaedic Research Institute (AORI) classification [29] at both the first and second stage of the revision. We also considered surgical approach for the second stage, type of revision implant [60] , infection recurrence and complications.
Results
Diagnosis of infection was confirmed on the basis of positive cultures of pre-operative aspirates, intra-operative tissue specimens and increased C-reactive protein levels. [27, 28] In 5 % of patients, it was not possible to identify the pathogen. Sixtyfour percent of patients were women, and mean patient age was 68 (54-80) years. Using chronological criteria, infections were delayed in 4 % and late in 6 %. The most common infecting organism was coagulase-negative Staphylococcus (CoNS), in 46 % of cases (Fig. 2) . Comorbidities based upon McPherson's classification [26] indicated that 35 % of patients were type B and 8 % were type C. Body mass index (BMI) was <30 >25 in 48 % and <40 >30 in 7 % of patients. All patients were followed up for a minimum of two and a maximum of 13 (mean seven) years. Four patients died within an average follow-up of 39 months (car accident), 42 months (gastric cancer) and 77 and 90 months (age related); these patients where clinically free of infection. Mean spacer implantation time was 16 (four to 60) weeks. Two-stage exchange arthroplasty was successful in controlling the infection in 92 % of patients. Persistent original infection (two patients) or recurrent infection with a new organism (two patients) was diagnosed after 17, 15, five and 14 months following previous reimplantation. These patients were not healthy enough to undergo a second reimplantation procedure and were managed with chronic antibiotic suppression and irrigation (three patients) and débridement with substitution of the polyethylene component and retention of prosthesis (one patient). (Table 1 ) Mean preoperative ROM was 59°(range 5°-90°), was almost unchanged during the interstage period, with the articulating spacer being 77°(range 10°-100°); ROM improved after insertion of the final prosthesis to 94°(0°-120° (Fig. 3) . Patients judged the result as excellent or good in 76 % of cases, fair in 16 % and poor in 8 %; 71 % reported no pain, and 29 % reported mild discomfort. During the interim period, the use of crutches is mandatory, and the patients began walking two days postsurgery. Two weeks later, 77 % of patients used only one crutch, but one third of this percentage stated they were capable of walking without crutches. A brace was used for the first postoperative week four patients only. The ability to walk was unlimited in 24 % of patients, good in 52 %, fair in 16 % and poor in 8 %. All knees had anatomical and functional integrity of the extensor apparatus and adequate mediolateral stability except one. Eleven knees were rated type I, 35 type II and four type III for bone loss according to AORI criteria [29] (Fig. 4) . Histology indicated periprosthetic tissues in the first stage showed a slight inflammatory reaction at the ultrastructural level, with giant plurinuclear cells and histiocyte elements (Fig. 5) . No spacer wear or breakage was reported. Spacer removal was easy, with no change in previous AORI classification [29] or in the shape of the bone itself. At the time of revision TKA in 20 % of knees, flexion was <50°and required a quadriceps snip or V-Y turndowns [30] . Tibial tubercle osteotomy was performed for exposure. During the first stage, the following prosthesis types were removed: 62 % posteriorstabilized (PS), 33 % cruciate-retaining (CR), 5 % hinge; for the second stage, the following types were required: PS in 30 %, varus/valgus constrained (VVC) in 55 % and hinge in 15 %. No patient had evidence of renal toxicity. No above-knee amputation was necessary in this series. Without apparent correlation to the device, we found one asymptomatic heterotopic ossification of the quadriceps, one temporary skin-healing problem in a patient with numerous previous surgical scars (this complication required us to maintain the K spacer in place for 24 weeks; no mechanical problems arose) and one spacer dislocation due to extensor apparatus instability (incorrect pre-operative indication).
Discussion
Two-stage reimplantation has proven to be the most successful method of treating chronically infected TKAs. Different types of spacers have been advocated to treat such infections. Fig. 2 The infecting organism determined by culture result Borden and Gearen [37] first used antibiotic-impregnated cement beads or block spacers for two-stage delayed reimplantation. Despite encouraging results in infection eradication, the block spacer presents several disadvantages: the patient is not allowed to move the knee, cast immobilisation is required between stages and the spacer can dislodge and cause bone erosion [57, 60] . Moreover, second-stage surgery is difficult due to a scar formation, tissue adherence and quadriceps shortening. To overcame the disadvantages of block spacers and facilitate reimplantation surgery, several authors independently introduced articulated spacers. A custom-made articulated spacer of metal and plastic coated with antibiotic-impregnated cement was proposed by Duncan et al. [19, 39] (Prostalac®).
McPherson et al. [26] proposed the use of a cement spacer moulded intra-operatively. Hofmann et al. [20, 43] described the use of an articulated spacer created from the removed and re-sterilised femoral component in association with a new polyethylene component fixed with antibiotic-impregnated cement. Castelli et al. [23] [24] [25] 34 ] introduced a industrially preformed articulating spacer. MacAvoy et al. [44] used a relatively constrained ball-and-socket articulating antibioticimpregnated cement spacer. Cerulli et al. [58] . proposed the use of an articulated antibiotic-loaded cement spacer assembled with two unicompartmental implants. The purpose of the study reported here was to determine whether a preformed articulated spacer would allow comparable eradication of infection equal to rates reported in published studies, improved postoperative function and acceptable QOL while reducing postoperative pain and limiting surgical complications. To date our reinfection rate is 8 %, similar to that achieved by other surgeons with a follow-up comparable with ours. Duncan and colleagues [19, 39] , based on 45 patients with knee infection, found that recurrence of infection occurred in 9 % at mean follow-up of 48 months. Hofmann et al. [20, 43] reported on 50 patients with a 12 % recurrence rate of infection at a mean follow-up of 73 months. Emerson [38] , only assessing patients with the static block spacer, report a reinfection rate of 30 % in a 12-year followup. We agree that the ability to bend the knee between stages improves patient satisfaction without compromising infection eradication, but the definition of complete healing of the infectious process would, however, require a longer period of observation. Also, it is remarkable that reinfection rate depends more on time elapsed rather than on surgical technique [41] . PMMA cement is the most useful, suitable and studied local antibiotic delivery system [17, 33, 35] ; however, data from the literature are difficult to compare because of the difference in elution methods, experimental conditions, cements and in vitro models used. An important aspect that must be considered is the compatibility between antibiotic type and dose and PMMA. Not all antibiotics work in the same way, and there is a strict relationship between mechanical performance, antibiotic load and release. High-dose spacers and antibiotic combinations are often advocated [32] (Table 2) ; however, some authors [46] do not support this opinion. Release is affected by antibiotic dose only in the very initial phase [33] . Therefore, it seems more appropriate to replace the concept of antibiotic dose with the concept of antibiotic release: antibiotic dose in a spacer is not relevant; more relevant is the possibility of a high and prolonged release of antibiotic from the spacer. QOL using a preformed spacer between stages is quite satisfactory, and the ability to bend the knee between stages improves patient satisfaction without compromising infection eradication. With the exception of our first three cases in which a brace was used for the first 7 days postoperatively, we never immobilised the knee. Knee motion was pain free in most cases, with an ROM that remained unchanged between the first and second stages or improved after definitive reimplantation in the stiff knee during the first stage. Of the 77% of patients who used only one crutch, at least one third admitted that they could walk without crutches. Few authors report details of findings regarding ROM and QOL between first-and second-stage surgery.
Duncan et al. [19, 39] reported that the average Hospital for Special Surgery (HSS) score during the interim period was 55.9, with a mean flexion of 76.1°. However, cement spacers moulded in the operating theatre do not have reproducible mechanical characteristics, and there is a potential risk of component fracture [48] . We believe that the preformed spacer works in a similar fashion to the intermediate prosthesis, but the major drawback of the intermediate prosthesis is the presence of hardware that could theoretically favour glycocalyx formation and bacterial adhesion [52, 53] . Moreover, with the preformed spacer, it is not necessary to wait until the hardware is sterilised.
Removal of the preformed spacer proved easy, and in no case was there progression in osseous defect on either the femoral or tibial side. Other authors [22, 38] did not specifically evaluate bone loss; however, Fehring et al. [54, 55] performed a comparison of static spacer blocks with an articulating spacer and reported that 60 % of patients with static spacers had either tibial or femoral bone loss. At the same time, the authors found no bone loss between stages in the 30 patients who underwent reconstruction with an articulated spacer. Regarding surgical technique in our study, all knees were surgically exposed at the second stage through the previous incision using a medial parapatellar arthrotomy. The quadriceps snip was always used at the second stage by other surgeons [30, 49] . We used it at the first stage in knees with flexion <50°. A tibial tubercle osteotomy at the second stage was never necessary. For the revision implant, we used a PS type in 30 % of patients; in 55 %, we used VVC and in 15 % a hinge implant was required. These results demonstrate that good ligament balance is possible at the second stage. The hinge implant was used in knees that were stiff from the first stage.
One limitation of our study is the absence of a control group managed with either a static spacer or an intra-operatively moulded spacer. Such a study would require a consistent sample size, which is a difficult task with this kind of pathology.
Two-stage revision is considered the gold standard in treating TKA infections. Following an accurate and thorough surgical debridement, along with the selection of the correct systemic antibiotic therapy, the high and prolonged antibiotic release guaranteed by the ALAC spacer is key [17-23, 25, 26] . Articulating spacers offer a better functional outcome compared with static spacers [45, 51] while showing similar infection eradication rate. Infection recurrence depends upon microbiology results, patient classification type and follow-up length. We chose an industrially preformed knee spacer in order to obtain a high, prolonged, standardised antibiotic release [35] while allowing the excellent mechanical performance [31] guaranteed by the industrial manufacturing process. 
